Thermoreflectance measurements on NbxMo1−x alloys (x=0.2, 0.5, 0.8) have been carried out in the 0.5-5.0 eV energy region. Augmented-plane-wave (APW) calculations for Nb at two different lattice parameters and for Mo, as well as coherent-potential-approximation calculations (CPA), have been carried out and have been used in the interpretation of the experimental results. Several optical transitions [Σ1(EF)→Σ3, G4(EF)→G1,N2→N′1], have been identified, and their concentration dependence followed. These results contribute significantly toward putting the interpretation of the optical properties of Nb, Mo, and their alloys on a much more secure footing. In particular, it has been confirmed that while the lower conduction bands behave roughly as predicted by the rigid-band model, the higher-lying conduction bands show distinctly nonrigid-band-like behavior.
These results contribute significantly toward putting the interpretation of the optical properties of Nb, Mo, and their alloys on a much more secure footing. In particular, it has been confirmed that while the lower conduction bands behave roughly as predicted by the rigid-band model, the higher-lying conduction bands show distinctly non-rigid-band-like behavior.
I. INTRODUCTION The study of the optical properties of alloys can yield an improved understanding of the optical properties and electronic structure of the pure host metal as well as a better understanding of the alloy system.
Optical measurements probe the electronic structure at energies several electron volts above and below the Fermi energy, a region untouched by sophisticated "Fermi-surface" measurements. Moreover, the latter measurements rarely can be carried out on alloys. In the following, we report thermoreflectance measurements on Nb-Mo alloys, the optical spectra of which al- a   II  II  II  II  II  Il   I   II  II   II  II  II   I   II  II   II  II  II  II  II and A~(k, e} can be integrated as the probability that an electron with wave vector k has energy e. Clearly As(k, e} is as close as we can get to looking at individual bands in a random alloy.
In Fig. 3 we show the spectral function for the Nb, O, Mo,~alloy at the N point as an example. As is shown in the theory, the broadening depends mainly on energy, so that the behavior in other regions can be inferred easily.
The results for the spectral functions can be combined in a pseudoband structure, where each energy level is given by the center of mass of an individual peak of the spectral function and the width of the dispersion curve is given by its full width at the half maximum. In Fig. 4 we show the pseudoband structure for the Nb, »Mo» alloy. Fig. 5 the results of our calculations for the I'-N direction for the entire range of concentrations.
The APW method has been used for calculating the energy bands for niobium also at a reduced lattice parameter (a = 0.9Va"). This allows us to determine the deformation potentials for the principal energy levels, which is useful as a guide to specific gaps or regions of the Brillouin zone. The results of these calculations are summarized in Table I . Fig. 7 The Ae, spectrum of Nb shows a peak at 1.62 eV and a shoulder at 2.26 eV, .both of which are accompanied by structure in b,~,. Upon alloying, the first structure shifts linearly to lower energies at 0.01 eV/at. %, and becomes weaker. In the 50/50 alloy this structure has shifted further toward the infrared and has become a barely perceptible shoulder. We interpret this structure as The situation corresponding to Nb and the two alloys is shown in Fig. 5 [panels (a)-(c) ]. It is interesting to note that as the Fermi level moves toward I", the matrix element weakens, since Z3 is a pure d-like level while Z, is a mixture (s, p, and d) which becomes progressively more dlike on approaching 1". This behavior is in perfect agreement with our experimental results and reinforces our attribution.
The shoulder at 2.26 eV in Nb becomes progressively more pronounced upon allying with Mo, but it does not change appreciably in energy. In Nbp MMop I this feature has become even more distinct. The origin of this structure will become clear when discussing the molybdenum series, so we postpone its discussion.
In the high-energy region we have the contribution of an M, critical point at 4.5 eV. As shown in Ref. 7, this 
